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Prediction of Near-Surface Winds on Airport Runways
Using Machine Learning
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ABSTRACT

Wind forecast is one of the key meteorological factors required for safe aircraft takeoff and
landing. In this study, we developed an artificial intelligence-based wind compensation method
by learning the Korea Air Force Weather Research and Forecast (KAF-WRF) forecast data and the
Airfield Meteorological Observation System (AMOS) data at five airports using Support Vector
Machine (SVM). The SVM wind prediction models were composed of three types according to the
learning period (30 days, 40 days, and 60 days) using seven KAF-WRF variables as training data,
and the wind prediction performance at the five airports was evaluated using Root Mean Squared
Errors (RMSE). According to the results, the SVM wind prediction model trained using U
(east-west) and V (north-south) components performed approximately 18% better than the model
trained using wind speed and wind direction. The wind correction of KAF-WRF with AMOS
observations via SVM outperformed the conventional KAF-WRF wind predictions in eight out of
ten cases, capturing abrupt changes in wind direction and speed with a 25% reduction in RMSE.
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Fig. 1. Wind forecasting experimental area, covering all of South Korea. A—E represents five airport runways
in the wind forecast experimental area(A: Seosan, B: Sacheon, C: Gimhae, D: Gangneung, E: Daegu).
The figure on the right shows model grid points and AMOS sites around an airport runway
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Table 1. AMOS observation data

Airport Training period Maximum daily Type Runway direction
p (Testing period) wind speed(m/s) yp (degree)
2022-06-01~2022-06-28 135
(2022-06-29) '
Seosan Coastal 210—030
2022-08-06~2022-09-05 14.9
(2022-09-06) '
2020-07-01~2020-08-29 9.2
2020-08-30 ’
Sacheon ( 30 Coastal 240—060
2023-02-02~2023-03-01 98
(2023-03-02) )
2022-06-01~2022-06-28 78
) (2022-06-29) ’
Gimhae Coastal 360—180
2022-11-23~2022-12-22 53
(2022-12-23) '
2022-04-01~2022-05-03 7.4
(2022-05-04) '
Gangneung Coastal 080—260
2022-09-10~2022-10-09 6.2
(2022-10-10) '
2021-01-23~2021-02-21 12.7
(2021-02-22) ’
Daegu Inland 310—130
2022-08-19~2022-09-18 116
(2022-09-19) '
Table 2. Korea Air Force Weather and Research Forecasting(KAF-WRF) specifications
KAF - WRF
Integration period AMOS training period
Domain do1 do2 do3
Initial condition NCEP GFS
Horizontal grid 374 x 316 279 x 423 486 x 867
Spatial resolution (km) 12 4 1.3
Forecast time (hr) 84 84 24
Microphysics WSM6
Land surface model Noah LSM
PBL scheme YSU PBL
Cumulus parameterization Multi-scale Kain-Fritsch (MSKF)
Radiation scheme Rapid Radiative Transfer Model for GCMs (RRTM-G)
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Fig. 2. Flowchart showing the methodology for machine learning based wind correction
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Fig. 3. Windrose diagram for the hourly wind speed and wind direction of AMOS data during the
sampled period in July 2020-July 2023. (a) Seosan, (b) Sacheon, (c) Gimhae, (d) Gangneung, (e) Daegu.
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(b) Time series of wind speed Sacheon 2020-08-30(UTC)

—e— SVM ver.1 60d speed
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Fig. 4. Time series graph of the SVM near-surface wind prediction for Sacheon Airport. Wind speed
and wind direction based SVM prediction is shown in the SVM ver.1 graph, and U, V based SVM
prediction is shown in the SVM ver.2 graph. AMOS observed winds shown as gray dashed lines, and
KAF-WRF predicted winds shown as black lines. (a) wind direction. (b) wind speed.
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dlo] KAF-WRFETH 50| Rt=dl, ol= 3.1489
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UTC o2 SVM d&rdlo] KAF-WRFol| 4|3} 1
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2022-10-10 SVM dj&rdo] 1 m/s Fw9] 7j4S
Uehdloy, SVM dl&n st KAF-WRF 25 #= 3
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Table 3. SVM wind correction performance in Sacheon airport

RMSEwinL
Training model Training period : ARMSEyind | Change rate (%)
KAF-WRF SVM
2020-07-01~2020-08-29 (60 days) 1.84 -0.23 -11
2020-07-21~2020-08-29 (40 days) 2.03 1.87 -0.2 -10
SVM ver.1
2020-08-01~2020-08-29 (30 days) 1.89 -0.18 -9
Average 2.03 1.87 -0.2 -10
2020-07-01~2020-08-29 (60 days) 1.54 -0.45 -24
2020-07-21~2020-08-29 (40 days) 2.03 1.46 -0.65 -28
SVM ver.2
2020-08-01~2020-08-29 (30 days) 1.38 -0.68 -32
Average 2.03 1.46 -0.57 -28
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Fig. 5. Time series graph of SVM forecast results for four airports. AMOS winds are shown as gray
dashed lines, KAF-WRF winds are shown in black, and SVM predicted winds are shown in red.
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Fig. 5. Continued
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Table 4. SVM wind correction performance by airport
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=
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A% AHS AAtHoE sis5ot] KAF-WRF HF B
R0l 8 71T AeAlE HdE dE QI At
Ao SVM HiteEEEo e & 10719 Ak
% 871 AlElolA 71& KAF-WRFHTH 9531 A%
HojFo] QIFAI5-S o83t gk BH9] g3E Hoj
Fith. £3] 30¢ E= 409 AFE U -V 7]tz
]38 SVM ver.2+ AR 3% 52004 07 UTC
~10 UTCOl 243t 238k I E42 30° o<
QA7 d&3to#x KAF-WRF7F B3 A4S & =
2ot g, Asl, o+ FFolA= KAF-WRFS]
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£ 33l vl 59 "ot ddides Wi, siE
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Airport Training period (Test period) KAF—WEI\:/ISEV;:;\/I vor2 ARMSEyind| Change rate (%)
Sacheon 2020-07-01~2020-08-29 (2020-08-30) 2.03 1.38 -0.65 -32
2023-02-02~2023-03-01 (2023-03-02) 2.95 1.97 -0.98 -33
Gimhae 2022-06-01~2022-06-28 (2022-06-29) 1.67 1.57 -0.1 -6
2022-11-23~2022-12-22 (2022-12-23) 2.12 2.45 0.33 16
Dacgu 2021-01-23~2021-02-21 (2021-02-22) 5.16 3.00 -2.16 -42
2022-08-19~2022-09-18 (2022-09-19) 3.09 3.16 0.07 2
2022-04-01~2022-05-03 (2022-05-04) 4.01 2.88 -1.13 -28
Gangneung
2022-09-10~2022-10-09 (2022-10-10) 6.09 3.65 -2.44 -40
Seosan 2022-06-01~2022-06-28 (2022-06-29) 2.74 1.60 -1.14 -42
2022-08-06~2022-09-05 (2022-09-06) 2.51 1.52 -0.99 -39
Average 3.24 2.32 0.92 -25
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